Abstract. We study asymmetrical three-layers F 1 F 2 S and F 1 SF 2 structures in an external parallel magnetic field. Assuming that all F and S layers are dirty, we solve the boundary value problem for the Usadel function. We calculate the critical temperature of in the F 1 F 2 S and F 1 SF 2 systems as function of the F layers thicknesses and external magnetic field.
Introduction
In recent decade the layered heterostructures consisting of alternating layers of ferromagnetic (F) and superconducting (S) metals are in the thick of interest.
According to classical works by Larkin, Ovchinnikov [1] and by Fulde, Ferrell [2] , the order parameter ∆(r) penetrating into the F metal is the oscillating function of coordinate r and it can be written as ∆(r) = exp(ik f r).
The interplay between superconducting and ferromagnetic layers leads in particular to a nonmonotonic dependence of the critical temperature T c on the F layers thickness d f (see [3, 4, 5] ) for the two-(FS) and three-layered (FSF) systems. Considerable recent attention has been focussed on the properties of three-layers FS systems with the generation of spin--triplet correlations, decaying in the F metal at much greater distances than the decay length of spin--singlet component of the superconducting condensate [6, 7, 8, 9, 10, 11] .
In the present paper we consider asymmetrical trilayers F 1 F 2 S and F 1 SF 2 structures with thin metallic layers in an external parallel magnetic field. Previously, the influence of magnetic field on the properties of the FS structures was studied in works [12, 13, 14, 15] . However, in the cited works the case of only symmetric FSF three-layered structures was considered.
Theoretical background
The critical temperature T c at the second--order phase transition is obtained from the self --consistency equation for the gap. It is known as Gorkov's equation
where t = T c /T c0 is the reduced temperature (T c0 is the transition temperature of isolated S layer), ω = πT c (2n + 1) is Matsubara frequency. Anomalous Green function F near the second--order phase transition into the superconducting state satisfies the Usadel equations (ω > 0) written for the external magnetic field presence (H = rotA) [12, 13] [
Here D s,f is the diffusion coefficient in the S and F layers, respectively, Φ 0 = π c |e| is the quantum magnetic flux and 
where σ s and σ f are the parameters of the transparency of the junction at the S and F sides, respectively, n is the unit vector normal to the contact surface. The boundary conditions Eq. 3 take into account the condition of detailed balance σ s υ
where N s and N f are the densities of state on the Fermi surface in the S and F metals, respectively.
The external magnetic field is parallel to the plane of contact. Because the thicknesses d s , d f ≪ λ H (λ H is magnetic penetration depth), we may average the coefficients depending on magnetic field in Eq. 2 over the thicknesses of the S and F layers [15] 
Similarly, we assume that ∆ s (x) ≈ ⟨∆⟩ and ∆ f (x) = 0 in the S and F layers, respectively.
Results and discussion
At first, we discuss an influence of asymmetry on the critical temperature value. For convenience, we have introduced the parameter n sf = υ It is interesting fact, because the stable operation of the spin --valve device based on three-layered structure FSF [17, 18, 19] (see also references cited in [11] ) needs in the high ∆t values. Note also, ∆t for the F 1 F 2 S trilayer ( Fig. 1(b) ) can be both positive or negative as opposed to above considered F 1 SF 2 case (Fig. 1(a) ) [7, 11] . 
The Fig. 2(a, b) shows the dependence of the reduced temperature t (panel b) and ∆t (panel a) on the reduced thickness d f 1 /a f 1 for a fixed reduced thickness d f 2 /a f 2 = 0.3 for the F 1 SF 2 trilayer. In the Fig. 2(b) we can notice that a change of the mutual orientation of the magnetizations leads to the
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Magnetism and Magnetic Materials V reentrant superconductivity. In the Fig. 2 (c, d) external magnetic field monotonically suppresses the superconductivity of the systems and may significantly alter the critical temperature dependence [14, 15] . Note, changing h, we can observe a qualitative change in the t(d f ) dependence. In the beginning at h = 0, the t(d f ) dependence has a minimum (see Fig. 3(a) ) and then it goes onto a plateau. With increasing h this minimum becomes more pronounced, and subsequently the reentrant superconductivity appears. With further increase of the magnetic field a monotonic dip of the t(d f ) curve to zero is observed.
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